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ABSTRACT. Premature ovarian failure (POF) is an ovarian de-
fect characterized by the premature depletion of ovarian fol-
licles; POF affects approximately 1-2% of women under the
age of 40 yr, thus representing one major cause of female
infertility. POF relevance is continuously growing because
women tend to conceive always more frequently beyond 30
yr. Frequently, POF is the end-stage of an occult process [pri-
mary ovarian insufficiency (POI)]. POI is a heterogeneous dis-
ease caused by a variety of mechanisms. Though the under-
lying cause remains unexplained in the majority of cases, sev-
eral data indicate that POI has a strong genetic component.
These data include the existence of several causal genetic
defects in human, experimental, and natural models, as well
as the frequent familiarity. The candidate genes are numer-

ous, but POF remains unexplained in most of the cases. Sev-
eral recent evidences have driven the attention of researchers
on the possible involvement of various elements belonging to
the transforming growth factor β family, which includes bone
morphogenetic proteins, growth/differentiation factors, and
inhibins. These peptides are produced by either the oocyte
or granulosa cells to constitute a complex paracrine network
within the ovarian follicle. Here, we review the studies re-
porting the genetic alterations of these factors in human and
animal defects of ovarian folliculogenesis which support the
fundamental roles played by these signals in ovarian mor-
phogenesis and function.
(J. Endocrinol. Invest. 34: 244-251, 2011)
©2011, Editrice Kurtis

INTRODUCTION

Approximately 1% of women under the age of 40 yr and
0.1% under the age of 30 yr experience premature
menopause (1). Premature ovarian failure (POF) is classi-
cally defined as 4-6 months of amenorrhea in women un-
der the age of 40 yr associated with menopausal level of
serum gonadotropins (FSH>30 U/l) and hypoestrogenism
and is also referred to as hypergonadotropic hypogo-
nadism. Depending on the age of onset, the disorder can
manifest as primary amenorrhea (PA), without menarche,
or secondary amenorrhea (SA) after the pubertal devel-
opment (2). Based on evidence that POF may have a long
and variable clinical course, it has been recently proposed
the term of primary ovarian insufficiency (POI), as a more
scientifically accurate definition, to better describe the
progression towards the cessation of the ovarian func-
tion (3, 4). POI generates a premature hypoestrogenic
state which in turn causes the premature aging of sever-
al tissues, targets of estrogen action, thus increasing the
risk of osteoporosis, cardiovascular or neurodegenera-
tive diseases. Hypoestrogenism can nowadays be satis-
factorily treated by hormone replacement therapy to be
generally given until the age of physiological menopause.

Importantly, POF also causes infertility, but fertility cannot
be recovered when the diagnosis of POF (or end-stage
POI) is generally reached, and is often compromised in
the early phases of the disease when the clinical mani-
festations are absent. For this reason, the research in this
field aims at the identification of markers able to predict
the premature cessation of menses, thus allowing wom-
en at risk of POF to program an early conception. Bio-
chemical markers (FSH, estradiol, inhibin B or anti-mul-
lerian hormone) are nowadays mainly useful to confirm a
diagnosis indicated by menstrual irregularity. Prediction
of POI therefore relies on a better understanding of its
pathogenesis.

MECHANISMS LEADING TO OVARIAN
INSUFFICIENCY

Around 7 millions of primordial follicles are present in the
developing ovary during embryogenesis. The large ma-
jority of these follicles are lost during fetal and post-na-
tal life by atresia and only 400-500 of them are general-
ly ovulated (<1 out of 14,000 primordial follicles) before
physiological menopause. Instead, ovarian insufficiency
can be the consequence of many different pathological
conditions affecting the physiological folliculogenesis at
various levels and the possible mechanisms at the origin
of POI can be: a) a diminished size of the primordial fol-
licle pool; b) an accelerated follicular atresia; or c) an al-
tered recruitment of primordial follicles. However, in most
of the cases, including some forms of primary amenor-
rhea and gonadal dysgenesis (5, 6), ovarian insufficiency
occurs because of an anticipated depletion of the pri-
mordial follicular pool. The etiological causes that may
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activate such mechanisms are highly heterogeneous and
include chromosomal, genetic, autoimmune, metabolic,
infectious, and iatrogenic factors (7). At present, 25-30%
of all forms of POF can be classified as iatrogenic and re-
lated to cancer treatment, but >50% of the cases remain
idiopathic, so that the origin of POI is still largely un-
known.
The age of menopause is largely determined by inheri-
table factors (8, 9). In particular, familiar forms of POF
constitute about 1/3 of total idiopathic cases, thus sug-
gesting the existence of a relevant genetic component
in the pathogenesis of this disease (10-12). Understand-
ing these genetic mechanisms would then allow the gen-
eration of predictive tests for the prediction of
menopausal age. Recent insights into the mechanisms
regulating ovarian folliculogenesis revealed the relevant
role played by several elements of the transforming
growth factor-β (TGF-β) family. Here below, we illustrate
the findings supporting the involvement of some of these
factors in the genetic predisposition of human and animal
ovarian defects.

THE TGF-ββ FAMILY

TGF-β belong to the superfamily of cysteine-knot growth
factors which also include the glycoprotein hormone fam-
ily [LH, chorionic gonadotropin hormone (CG), FSH, TSH],
the platelet-derived-growth factor (PDGF) family and the
neurotrophin family (including the nerve growth factor)
(13). The TGF-β family of growth factors and receptors is
constituted by the bone morphogenetic protein (BMP)
system, along with growth and differentiation factors
(GDF), activin/inhibin peptides, anti-mullerian hormone
(AMH), and the myostatin protein. These factors act
through 2 subtypes of single transmembrane domain re-
ceptors with serine-threonine kinase activity. In particular,
Alk-2, 3, and 6 act as type 1 receptors for BMP factors,
whereas BMP receptor-2 (BMPR-2), activin receptor-2 and

2B (ActR-2, ActR-2B) are type 2 receptors. All these pro-
teins promote growth and differentiation in the target tis-
sues since the early stages of embryonic development
and are generally involved in paracrine actions also in
adult tissues. TGF-β are commonly translated as pre-pro-
proteins (14). The pro-region typically regulates post-
translational processing and dimerization of mature pep-
tide forming either hetero- or homo-dimeric proteins
which finally exert the biological activity at the target cell
(Fig. 1). In order to achieve this, dimeric BMP molecules
interact with heterotetrameric complexes of type 1 and
type 2 receptors. Within each complex, the constitutive
kinase activity of the type 2 receptor phosphorylates the
type 1 receptor. Once phosphorylated, the type 1 re-
ceptor recruits and phosphorylates intracellular signaling
molecules of the Smad proteins family. The phosphory-
lated BMP receptor-regulated Smads (Smad 1, 5 or 8) in-
teract with the common Smad 4 and translocate to the
nucleus where these hetero-complexes act as transcrip-
tional factors or co-factors to regulate target genes ex-
pression (14).
Several members of the TGF-β family are expressed in
the ovarian follicle, either by the oocyte or by granulosa
cells (GC) (15). Among the proteins involved in these sig-
nals within the ovary, the association between genetic
variations and defects of human folliculogenesis have
been so far described for the ligands BMP15, GDF9, and
INHA as well as for the receptor BMPR-IB (Table 1). 

BONE MORPHOGENETIC PROTEIN 15 

BMP15 gene (also named GDF9b; MIM *300247) en-
codes for an oocyte-derived growth and differentiation
factor which is involved in follicular development as a crit-
ical regulator of many GC processes (14-17) (Fig. 2).
The relevance of BMP15 action in ovarian folliculogene-
sis was initially shown by experimental and natural mod-
els. Experimental disruption of Bmp15 gene in mice caus-

Oocyte

Granulosa
cells

mRNA

pro-proteins

pre-pro-proteins

signal
peptides

proregions

mature
peptides

BMP15

GDF9

BMPR-IB
P

P

P

BMPR-II
SMAD 1/5/8

SMAD 1/5/8

SMAD 4

SMAD 4

Fig. 1 - Schematic illustration of the syn-
thesis of bone morphogenetic protein
(BMP) 15 and growth and differentiation
factors (GDF) 9 in ovarian follicles. The
factors are synthesized as pre-pro-pro-
teins that are processed to produce the
mature proteins. Either precursors and
mature proteins can be secreted in the
follicular fluids. Mature proteins are as-
sembled as homo- or hetero-dimers,
which exerts the biological activities (i.e.,
stimulation of growth, anti-apoptotic ef-
fects or regulation of differentiation and
FSH receptor expression) on the GC. The
intracellular signals in chorionic go-
nadotropin hormone (CG) are generat-
ed by the dimerization of BMP receptors
type I and II (BMPR-I, BMPR-II. The con-
sequent phosphorylation of BMPR-IB, in
this case, activates downstream path-
ways affecting transc-ription. 
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es a mild fertility defect limited to females (18), whereas
natural missense mutations in several strains of ewes
cause a hyperprolificacy phenotype in the heterozygous
state (increased litter size to 2-5 lambs per litter against
1 in wild-type) and a female infertility with complete block
of folliculogenesis in the homozygous state (FecX factors)
(19-23) (Table 1). Nowadays, the BMP15 main roles in-
clude: a) the promotion of follicle maturation since the
primordial gonadotropin-independent phases of follicu-
logenesis; b) regulation of follicular GC sensitivity to FSH
action; c) prevention of GC apoptosis; d) promotion of
oocyte developmental competence; e) regulation of ovu-
lation quota (15) (24-27) (Fig. 2). The mutations found in

sheep generally occur in the mature peptide and lead to
a diminished protein production and should thus be con-
sidered as loss-of-function. The reduced BMP signal gen-
erated by the mutation would then favor the formation
of smaller primary/pre-antral follicles with a lesser amount
of GC that are more sensitive to FSH stimulation. This
would finally lead to the hyperprolificacy phenotype with
increased ovulation rate and litter size. The block of fol-
liculogenesis observed in the homozygous sheep was in-
stead interpreted as the result of a critical gene dosage
effect in which the lack of BMP15 signal would then be in-
compatible with the progression of folliculogenesis (24).
However, the redundancy between the oocyte-derived
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BMP15 and GDF9 facts
• Produced by oocytes along folliculogenesis
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   FSH-stimulated Pg production
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Fig. 2 - Schematic representation of the
ovarian folliculogenesis. Both bone mor-
phogenetic protein (BMP) 15 and growth
and differentiation factors (GDF) 9 are
produced all along the process by the
oocyte and contribute to the generation,
growth and maturation of the follicle.
Their activity is strictly connected to the
FSH sensitivity of chorionic gonadotropin
hormone (CG). FSHR: FSH receptor. 

BMP15 GDF9 INHA BMPR-IB
(MIM *300247) (MIM *601918) (MIM *147380) (MIM *609441)

Human Heterozygous missense variants Heterozygous missense variants Heterozygous missense variant Homozygous deletion in
in 1.5-15% of idiopathic POF in 1.4% of idiopathic POF in 0-11% of idiopathic POF Demirhan syndrome

Homozygous nonsense Significant association (acrosomelic chondrodysplasia,

deletion in one girl with ovarian  with dizygotic twinning ovarian dysgenesis)

dysgenesis, facial paralysis No association with PCOS
and skewed lower mandible

No association with PCOS 
or dizygotic twinning

Knock-out mice Female-limited subfertility Female-limited infertility and Sex chord stromal tumors, Brachydactyly and infertility
in homozygotes ovarian dysgenesis in adrenal steroidogenic cell tumors, in female homozygotes  

homozygotes block of folliculogenesis in (due to cumulus expansion
homozygotes and post-ovulatory defects)

Sheep Increased ovulation rate Increased ovulation rate (++)a ---- Increased ovulation rate in
(+++)a in heterozygotes in heterozygotes (FecG: heterozygous (+)a and in 
(FecX: missense variants) missense variants) homozygous (++++)a carriers

Sterility and block of Sterility and block of (FecB: missense variant)

folliculogenesis (primary stage) folliculogenesis (antral stage)
in homozygotesb in homozygotesb

aThe number of + indicates the grading of increased ovulation rate. bRecent data show increased ovulation rates in homozygous carriers of BMP15 (FecX) or GDF9
(FecG) variants in Moghani and Ghezel (28) or Santa Ines (48) sheep. Only double FecX/FecG homozygotes would be sterile (28).

Table 1 - Genetic alterations of different elements of bone morphogenetic protein (BMP)/growth and differentiation factors (GDF) sig-
nal and their effects on ovarian folliculogenesis in human and animal models.
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BMP15 and GDF9 was difficult to reconcile with this in-
terpretation. Very recent data (28) indicate that the co-
existence of BMP15 and GDF9 inactivation would then
be required for the infertility phenotype in ewes.
BMP15 maps to a locus on the short arm of X chromo-
some (Xp11.2) within a “POF critical region” where are lo-
cated several of the Turner syndrome traits including ovar-
ian failure (29, 30). In humans, mutations in BMP15 gene
have been found in association with both primary and sec-
ondary amenorrhea in several worldwide POI cohorts with
a variable prevalence between 1.5-15% (Table 2). The first
heterozygous mutation of BMP15 gene (p.Y235C) was
reported by us in 2 Italian sisters with primary amenor-
rhea and ovarian dysgenesis, who inherited the genetic
alteration from the unaffected father (31). This mutation
was located in a residue highly conserved among species
and generated aberrant high molecular weight products
in vitro as seen at western-blot in non-reducing condi-
tions, a likely consequence of the additional Cys in the
pro-region. A bioassay on primary cultures of human GC
showed an impairment of the growth stimulatory activity
of recombinant mutant BMP15 in comparison with wild-
type protein. Co-incubation experiments of wild-type and
p.Y235C proteins were consistent with a dominant neg-
ative effect (DNE) exerted by the mutant on the stimula-
tory activity of wild-type protein on GC (31). Afterwards,
other variants have been identified with variable fre-
quency in patients from Europe, USA, North Africa, In-
dia, China, and other Asian countries (32-38) (Table 2).
Almost all of these are missense variations found in the
heterozygous state. These variations are also located in
the gene sequence encoding the pro-region of the pro-
tein. More recently, we studied the recombinant prod-
ucts of several of these missense variations and showed
an impaired amount of mature BMP15 protein produced
by variant vectors in comparison with wild-type, sug-
gesting a hampered processing. Consistently, we showed
a significant reduction of their biological effects by using
a novel BMP-responsive luciferase-reporter assay on a

human granulosa cell line (36). Co-transfection of equal
amounts of wild-type plasmids failed to completely re-
store the normal transcriptional activity. Since a reduced
production of bioactive proteins was seen at western-
blot, we interpreted these results as consistent with a
mechanism of haploinsufficiency similar to that described
for the mutations found in sheep. Among all the identi-
fied variations, only one was found to cause a premature
truncation. This truncated variant creates a premature
stop in the pro-region (p.E211X), resulting in the com-
plete lack of mature BMP15 peptide, and was found in an
Indian woman with PA and ovarian dysgenesis (34). Very
recently, a Chinese group reported the first missense sub-
stitution (p.R329C) located in the region of the mature
peptide that, involving an Arg to Cys aminoacidic
change, could alter the structure of BMP15 by impairing
the correct folding of the protein (37). This variant co-
segragated with POF phenotype in mother and daughter.
To date, only two studies failed to find an association be-
tween BMP15 mutations and POI: a Japanese group (39)
and a group from New Zealand (40) which reported the
absence of BMP15 mutations in series of women with SA.
One possible explanation for these negative results may
be represented by the small size of the cohorts studied
(15 and 38 POF patients, respectively). Importantly, some
of the missense variations in BMP15 gene have also been
found in low percentage in the control populations (see
Table 2 for details), a finding that may question or di-
minish their pathogenic role. In light of these findings,
one could hypothesize that BMP15 variations might play
a predisposing role in a context of POI considered as a
complex multifactorial disorder, in contrast with the view
of POI as a monogenic disorder. However, before draw-
ing conclusions, it must be emphasized that the correct
control population of these studies should be represent-
ed by women of the same ethnicity and with proven
physiological menopause beyond the age of 50 yr. Un-
fortunately, both these conditions were not met in most
of the studies reporting BMP15 variants, as were instead

Origin Size of Patients with Patients with Size of contol population Reference
POI cohort BMP15 variations GDF9 variations (% of carriers)

Japan 15 0% 0% ---- 39

New Zealand 38 0% 0% 51 (0%) 40

Europe & USA (Caucasian) 166 4.2%* ---- 211 (0%)* 32

Europe & North Africa 203 1.5%* 0.5% 54 (0%)* 33

India 195 ---- 3.6% 220 (0%) 50

India 202 8.9%* ---- 197 (0%)* 34

USA (mixed ethnicities) 61 ---- 1.6% 60 (0%) 51

Germany 20 15%* 0% 127
(BMP15: 0.8%;

GDF9: 0%)* 35

Italy & USA (Caucasian) 300 4.3%* ---- 216 (0%)* 36

China 100 6%* 0% 100
(BMP15: 1%;
GDF9: 0%)* 37

Europe, North Africa & Asia 50 12%* ---- 214 (1.9%)* 38

*After exclusion of BMP15 p. ins263L, p.N103S variants that were found in 3-12% of POI patients and controls.

Table 2 - Frequency of bone morphogenetic protein (BMP) 15 and growth and differentiation factors (GDF) 9 non-synonimous vari-
ants in patients with primary ovarian insufficiency (POI) and controls of different ethnicity.
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in the studies designed by our group (32, 36).
The functional mechanism by which BMP15 variants with
a proved biological impact may disturb human ovarian
folliculogenesis is presently unknown. We may envisage
that a diminished BMP15 paracrine signal in the follicle
would involve an impairment of the anti-apoptotic effects
on GC, a mechanism then favoring follicle atresia. Alter-
natively, BMP15 variants may finally result in an altered re-
cruitment of pre-antral follicles by gonadotropins. For
this reason, BMP15 gene has also been investigated in
patients with different ovulation alterations, and no link-
age was found either in patients with polycystic ovaries
(PCOS) and in mothers with spontaneous dizygotic twin-
ning (41, 42). Indeed, further studies are needed to un-
derstand the exact role of BMP15 variants in POI patho-
genesis. Interestingly, all the findings here described for
several human variants might also suggest BMP15 as the
first X-linked gene whose haploinsufficiency may play a
determinant role for the generation of ovarian dysgene-
sis in Turner syndrome (43-45).
All together, the data so far collected in different mam-
malian species indicate that the role of BMP15 may be
more critical in mono-ovulating species (such as human
and sheep) than in the poly-ovulating ones (mice). In-
deed, it appears that in the mono-ovulating human
species, 2 functional copies of BMP15 are required, since
the presence of a heterozygous mutation is sufficient for
POF. In ovine species, BMP15 loss of function is associ-
ated with a large ovulation rate ranging. Finally, in a poly-
ovulating species such as the mouse, with ovulation rate
about 10, BMP15 appears dispensable. However, BMP15
is present and expressed in oocytes of these 3 species.
As a possible explicative mechanism, Hashimoto et al.
(27) have shown that the mouse BMP15 peptide is much
less efficiently processed and secreted than the human
peptide by the same transfected cells.

GROWTH DIFFERENTIATION FACTOR 9 

Growth differentiation factor 9 (GDF9) (MIM *601918) is
the homologous gene of BMP15 and is also expressed
in the oocyte. Its product can form non-covalent het-
erodimers acting in a synergistic manner on ovarian func-
tion on surrounding follicular GC (18). From experimen-
tal animals, GDF9 function is more critical in poly-ovu-
lating species such as mice where GDF9 is required for
folliculogenesis (46). Natural GDF9 gene mutations with
ovarian effects similar to those seen in BMP15 mutants
were also detected in Cambridge, Belclare, and Thoka
sheeps (21, 47). More recently, a new missense muta-
tions was found in the Brazilian Santa Ines breed (48). In
contrast with previous observations, the fecundity phe-
notype was present either in heterozygous and homozy-
gous sheep (see BMP15 section for the interpretation of
these findings) (Table 1). GDF9 was shown in vitro to
stimulate cumulus expansion, with the induction of
hyaluronan synthase 2 (HAS2), cyclooxygenase 2 (COX2),
and steroidogenic acute regulator protein (StAR) (49). As
BMP15, GDF 9 was also shown to reduce the sensitivity
of GC to FSH action and to inhibit the FSH-stimulated
progesterone and estradiol production (24).
On all these bases, GDF9 was therefore considered a can-

didate gene for human POI. The first mutational screen-
ing of the GDF9 gene was reported in 15 Japanese wom-
en with premature ovarian insufficiency, but no mutations
were found (39). Following this first study, a more extensive
number of POI patients (no.=629) have been screened for
mutations in the coding region of GDF9 gene (Table 2).
GDF9 human variations described so far in different eth-
nicity (p.K67E; p.V216M; p.S186Y; p.P103S and p.T238A)
are all heterozygous, affect exclusively the proregion with
a prevalence of 1.4% and were not detected in the control
samples (33, 50-52). Some studies, however, failed to iden-
tify possible deleterious variants suggesting a rare contri-
bution of GDF9 gene variations in those populations (37,
40). Some rare insertion/deletion and missense variations
in GDF9 gene have been also associated with spontaneous
dizygotic twinning, the reported frequency of these vari-
ants is around 4% confirming a possible role of this factor
in the determination of ovulation quota also in humans
(53-55). No association was instead found with PCOS (41).
However, the expression of GDF9 mRNA, but not that of
BMP15, was found delayed and reduced in the oocytes of
PCOS women during their growth and differentiation
phase (56). These results may suggest that a dysregulation
of oocyte GDF9 expression may contribute to the aber-
rant folliculogenesis in PCOS.

INHIBIN A

Inhibin is another candidate gene for mutational studies
in humans, given its important role in regulating ovarian
function either as negative modulator of pituitary FSH
synthesis or as a paracrine factor. Inhibin A (inhA) gene
knock-out (KO) mice lack the bioactive inhibin dimers
thus resulting in raised FSH levels, infertility, and sex
chord stromal tumors at an early age with nearly 100%
penetrance, demonstrating that inhibin functions in vivo
as a tumor suppressor in the gonads of mice (57). In a
subsequent work, Matzuk et al. (58) showed that inhA-
KO mice eventually developed adrenal cortical sex
steroidogenic tumors with nearly 100% penetrance,
demonstrating that inhibin is also a tumor suppressor for
the adrenal gland. The first evidence of a genetic asso-
ciation between inhibin and POI came forth from a POI
patient with the traslocation 46,XX,t(2;15)(q32.3;q13.3).
The translocation breakpoint on chromosome 2 interest-
ed the inhibin α (INHA) (MIM *147380) subunit locus
(2q33-36), therefore further investigations have been
aimed at the mutational screening of this gene (59). One
missense variation of INHA gene (p.A257T) has been as-
sociated with POI in several populations (60-62), with a
prevalence of 0-11% depending on the ethnicity of the
population studied. In fact, the highest frequency of IN-
HA variant was found in the Indian population (62, 63)
and in the New Zealand study, including also Slovenian
patients (60). An Italian study reported a significant as-
sociation between the INHA p.A257T variant and spo-
radic (4.5%) and familial POI cases (7.7%) (61). However,
the study has been recently replicated in a larger cohort
of Italian and German subjects and no differences in vari-
ant frequency were detected between POI cases and
controls (64). The INHA variation is also rare in popula-
tions from Argentina (65) and Korea (66). Nevertheless, a
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recent meta-analysis of the random effects on the risk of
POI in carriers of the INHA variant from the most rele-
vant studies revealed a combined risk difference of 0.04
(–0.03 to 0.11) with 95% confidence interval (67). On
these bases, it is plausible that the INHA variant allele
might confer a susceptibility to develop POI. This view
may also be confirmed by the functional study demon-
strating a reduced bioactivity of INHA variant in the inhi-
bition of an inhibin-reporter in mouse LβT2 pituitary go-
nadotrope cells, whilst variable results were seen when
the reporter was expressed in COV434 granulosa cell
line; interestingly dimerization with β-subunits was unaf-
fected by the variation (68). Moreover, 2 promoter vari-
ations (c.-16C>T and c.-124A>G) were also reported as
additional mechanisms potentially affecting the transc-
riptional regulation of INHA gene and predisposing to
POI. However, the association with POI never reached
the statistical significance in all the populations studied
(61, 64, 69, 70). In humans, no variations were ever found
in the inhibin βA or βB subunit.

BMP RECEPTOR IB 

Demirhan et al. (71) reported the case of a 16-yr-old girl
with acromesomelic chondrodysplasia, genital anoma-
lies, amenorrhea, and hypergonadotrophic hypogo-
nadism due to a homozygous variant of BMP receptor IB
(BMPRIB) gene (also named Activin receptor-Like Kinase
6 or ALK6; MIM *609441). Acrosomelic chondrodys-
plasias are hereditary skeletal disorders characterised by
short stature, very short limbs and hand/foot malforma-
tions. They are caused by homozygous mutations in
growth differentiation factor 5 (GDF5), a bone morpho-
genetic protein (BMP) belonging to the TGF-β super-
family which binds to BMPRIB with high affinity, and plays
an essential role in chondrocyte differerentiation (72). The
skeletal phenotype of the patient with BMPRIB mutation
is similar to that observed in patients with homozygous
variations of GDF5 gene, who instead do not have go-
nadal defects. Mutation analysis of BMPRIB revealed a
homozygous 8 bp deletion (del359-366). This mutation
is expected to result in a loss of function and is thus dif-
ferent from the heterozygous missense mutations in BM-
PRIB recently shown to cause brachydactyly type A2
through a dominant negative effect (73). BMPRIB vari-
ants can occur naturally also in animals and are found as-
sociated with the hyperproliphic Booroola phenotype in
sheep (74, 75), while the female KO mice present with
brachydactyly and infertility (76). Interestingly, the natu-
ral mutation has additive effects on ovulation rate and
fecundity in sheep (Table 1). These findings highlight the
dual function of BMPRIB: on one hand in skeletal devel-
opment as the predominant receptor for GDF5 and, on
the other, its role in genital development and ovarian
function. Since BMPR-IB is expressed in GC, it is consid-
ered the putative type 1 receptor for oocyte-derived BMP
and GDF (Fig. 1).

CONCLUSIONS

Until 10 to 15 yr ago, two major systems were known to
contribute to the regulation of ovarian function, ie. go-

nadotropins or IGF systems. In recent years, with the
identification of the nature and the physiological role of
fecundity genes, such as BMP15, GDF9, and BMPRIB,
and of other ovarian TGF-β, such as inhibins, several new
major concepts were generated. First, the BMP system,
originally described as inducer of osteogenesis and chon-
drogenesis and implicated in early developmental events,
now represents also a key system in the control of ovar-
ian folliculogenesis and ovulation rate. Second, the
oocyte, acting through specific secreted proteins, is not
only implicated in follicular growth but also in the con-
trol of folliculogenesis and of the number of ovulating
follicles (17). On the other hand, TGF-β-related factors
produced by GC, such as inhibins, contribute to the gen-
eration of a paracrine and endocrine network playing a
fundamental part in the regulation of female fertility.
These new concepts have therefore engendered revolu-
tionary insights into the understanding of ovarian follicu-
logenesis.
Several BMP and GDF are expressed by the oocyte and
GC possibly suggesting redundancy of these signals that
are so relevant for reproduction. On this line, the het-
erozygous inactivating variations here described would
play a predisposing role in the pathogenesis of POF and
not a direct causative mechanism, as seen in classic
monogenic diseases. This interpretation is consistent with
the idea that POF may be considered a complex disease,
probably involving defects in multiple genes (77). In an
order of association frequency with idiopathic POF,
BMP15 variations appear as the second defect, behind
FMR1 premutation (78). However, all these novel candi-
dates appear involved in the predisposition of a limited
percentage of POF cases (<10%) and other fundamen-
tal mechanisms are still to be identified. Novel insights
could be given by a more intimate understanding of the
molecular mechanisms elicited by the oocyte BMP in the
target GC. 

ACKNOWLEDGMENTS
We wish to thank the contribution of the many clinicians referring their pa-
tients, as well as all the POF patients themselves that gave their informed
consent for genetic studies. We also wish to acknowledge the continuous
support of Paolo Beck-Peccoz (Milan, Italy), as well as the fruitful collab-
oration of Anna Marozzi and Daniela Toniolo (Milan, Italy).

Grant acknowledgments 
The financial support of Telethon Foundation - Italy (Grant no. GGP09126),
Istituto Auxologico Italiano, Italy (Ricerca Corrente Funds: 05C501) and Pro-
ject for International Scientific Cooperation, France (PICS grant from CNRS)
are gratefully acknowledged. RR is a fellow of Telethon Foundation, Italy. 

Disclosure statement
The Authors have nothing to disclose related to this work. 

REFERENCES
1. Coulam CB, Adamson SC, Annegers JF. Incidence of premature

ovarian failure. Obstet Gynecol 1986, 67: 604-16.
2. Timmreck LS, Reindollar RH. Contemporary issues in primary amen-

orrhea. Obstet Gynecol Clin North Am 2003, 30: 287-302.
3. Welt CK. Primary ovarian insufficiency: a more accurate term for

premature ovarian failure. Clin Endocrinol (Oxf) 2008, 68: 499-509.
4. Nelson LM. Clinical practice. Primary ovarian insufficiency. N Engl

J Med 2009, 360: 606-14.



L. Persani, R. Rossetti, C. Cacciatore, et al.

250

5. Reynaud K, Cortvrindt R, Verlinde F, De Schepper J, Bourgain C,
Smitz J. Number of ovarian follicles in human fetuses with the 45,X
karyotype. Fertil Steril 2004, 81: 1112-9.

6. Fechner PY, Davenport ML, Qualy RL, et al. Differences in follicle-
stimulating hormone secretion between 45,X monosomy Turner
syndrome and 45,X/46,XX mosaicism are evident at an early age.
J Clin Endocrinol Metab 2006, 91: 4896-902.

7. Goswami D, Conway GS. Premature ovarian failure. Hum Reprod
Update 2005, 11: 391-410.

8. Murabito JM, Yang Q, Fox C, Wilson PW, Cupples LA. Heritability
of age at natural menopause in the Framingham Heart Study. J
Clin Endocrinol Metab 2005, 90: 3427-30.

9. He C, Kraft P, Chen C, et al. Genome-wide association studies
identify loci associated with age at menarche and age at natural
menopause. Nat Genet 2009, 41: 724-8. 

10. Cramer DW, Xu H, Harlow BL. Family history as a predictor of ear-
ly menopause. Fertil Steril 1995, 64: 740-5.

11. Davis CJ, Davison RM, Payne NN, Rodeck CH, Conway GS. Female
sex preponderance for idiopathic familial premature ovarian fail-
ure suggests an X chromosome defect: opinion. Hum Reprod 2000,
15: 2418-22.

12. Vegetti W, Grazia Tibiletti M, Testa G, et al. Inheritance in idio-
pathic premature ovarian failure: analysis of 71 cases. Hum Reprod
1998, 13: 1796-800.

13. Szkudlinski MW, Fremont V, Ronin C, Weintraub BD. Thyroid-stim-
ulating hormone and thyroid-stimulating hormone receptor struc-
ture-function relationships. Physiol Rev 2002, 82: 473-502.

14. Chang H, Brown CW, Matzuk MM. Genetic analysis of the mam-
malian transforming growth factor-beta superfamily. Endocr Rev
2002, 23: 787-823.

15. Shimasaki S, Moore RK, Otsuka F, Erickson GF. The bone mor-
phogenetic protein system in mammalian reproduction. Endocr
Rev 2004, 25: 72-101.

16. Dube JL, Wang P, Elvin J, Lyons KM, Celeste AJ, Matzuk MM. The
bone morphogenetic protein 15 gene is X-linked and expressed
in oocytes. Mol Endocrinol 1998, 12: 1809-17.

17. McNatty KP, Moore LG, Hudson NL, et al. The oocyte and its role
in regulating ovulation rate: a new paradigm in reproductive biol-
ogy. Reproduction 2004, 128: 379-86.

18. Yan C, Wang P, DeMayo J, et al. Synergistic roles of bone mor-
phogenetic protein 15 and growth differentiation factor 9 in ovar-
ian function. Mol Endocrinol 2001, 15: 854-66.

19. Galloway SM, McNatty KP, Cambridge LM, et al. Mutations in an
oocyte-derived growth factor gene (bmp15) cause increased ovu-
lation rate and infertility in a dosage-sensitive manner. Nat Genet
2000, 25: 279-83.

20. Davis GH. Fecundity genes in sheep. Anim Reprod Sci 2004, 82-83:
247-53.

21. Hanrahan JP, Gregan SM, Mulsant P, et al. Mutations in the genes
for oocyte-derived growth factors GDF9 and BMP15 are associat-
ed with both increased ovulation rate and sterility in Cambridge
and Belclare sheep (Ovis aries). Biol Reprod 2004, 70: 900-9.

22. McNatty KP, Galloway SM, Wilson T, et al. Physiological effects of
major genes affecting ovulation rate in sheep. Genet Sel Evol 2005,
37 (Suppl 1): S25-38.

23. Bodin L, Di Pasquale E, Fabre S, et al. A novel mutation in the bone
morphogenetic protein 15 gene causing defective protein secre-
tion is associated with both increased ovulation rate and sterility
in Lacaune sheep. Endocrinology 2007, 148: 393-400.

24. Fabre S, Pierre A, Mulsant P, et al. Regulation of ovulation rate in
mammals: contribution of sheep genetic models. Reprod Biol
Endocrinol 2006, 4: 20.

25. Hussein TS, Froiland DA, Amato F, Thompson JG, Gilchrist RB.
Oocytes prevent cumulus cell apoptosis by maintaining a mor-
phogenic paracrine gradient of bone morphogenetic proteins. J
Cell Sci 2005, 118: 5257-68.

26. Hussein TS, Thompson JG, Gilchrist RB. Oocyte-secreted factors
enhance oocyte developmental competence. Dev Biol 2006, 296:
514-21.

27. Hashimoto O, Moore RK, Shimasaki S. Posttranslational process-
ing of mouse and human BMP-15: potential implication in the de-
termination of ovulation quota. Proc Natl Acad Sci U S A 2005,
102: 5426-31.

28. Barzegari A, Atashpaz S, Ghabili K, Nemati Z, Rustaei M,
Azarbaijani R. Polymorphisms in GDF9 and BMP15 Associated with
Fertility and Ovulation Rate in Moghani and Ghezel Sheep in Iran.
Reprod Domest Anim 2010, 45: 666-9.

29. Zinn AR, Ross JL. Turner syndrome and haploinsufficiency. Curr
Opin Genet Dev 1998, 8: 322-7.

30. Persani L, Rossetti R, Cacciatore C, Bonomi M. Primary Ovarian
Insufficiency: X chromosome defects and autoimmunity. J
Autoimmun 2009, 33: 35-41.

31. Di Pasquale E, Beck-Peccoz P, Persani L. Hypergonadotropic ovar-
ian failure associated with an inherited mutation of human bone
morphogenetic protein-15 (BMP15) gene. Am J Hum Genet 2004,
75: 106-11.

32. Di Pasquale E, Rossetti R, Marozzi A, et al. Identification of new
variants of human BMP15 gene in a large cohort of women with
premature ovarian failure. J Clin Endocrinol Metab 2006, 91:
1976-9.

33. Laissue P, Christin-Maitre S, Touraine P, et al. Mutations and se-
quence variants in GDF9 and BMP15 in patients with premature
ovarian failure. Eur J Endocrinol 2006, 154: 739-44.

34. Dixit H, Rao LK, Padmalatha VV, et al. Missense mutations in the
BMP15 gene are associated with ovarian failure. Hum Genet 2006,
119: 408-15.

35. Ledig S, Röpke A, Haeusler G, Hinney B, Wieacker P. BMP15 mu-
tations in XX gonadal dysgenesis and premature ovarian failure.
Am J Obstet Gynecol 2008, 198: 84.e1-5.

36. Rossetti R, Di Pasquale E, Marozzi A, et al. BMP15 mutations as-
sociated with primary ovarian insufficiency cause a defective pro-
duction of bioactive protein. Hum Mutat 2009, 30: 804-10.

37. Wang B, Wen Q, Ni F, et al. Analyses of growth differentiation fac-
tor 9 (GDF9) and bone morphogenetic protein 15 (BMP15) muta-
tion in Chinese women with premature ovarian failure. Clin
Endocrinol (Oxf) 2010, 72: 135-6.

38. Tiotiu D, Alvaro Mercadal B, Imbert R, et al. Variants of the BMP15
gene in a cohort of patients with premature ovarian failure. Hum
Reprod 2010, 25: 1581-7.

39. Takebayashi K, Takakura K, Wang H, Kimura F, Kasahara K, Noda
Y. Mutation analysis of the growth differentiation factor-9 and -9B
genes in patients with premature ovarian failure and polycystic
ovary syndrome. Fertil Steril 2000, 74: 976-9.

40. Chand AL, Ponnampalam AP, Harris SE, Winship IM, Shelling AN.
Mutational analysis of BMP15 and GDF9 as candidate genes for
premature ovarian failure. Fertil Steril 2006, 86: 1009-12.

41. Sproul K, Jones MR, Mathur R, Azziz R, Goodarzi MO. Association
study of four key folliculogenesis genes in polycystic ovary syn-
drome. BJOG 2010, 117: 756-60.

42. Zhao ZZ, Painter JN, Palmer JS, et al. Variation in bone morpho-
genetic protein 15 is not associated with spontaneous human dizy-
gotic twinning. Hum Reprod 2008, 23: 2372-9.

43. Zinn AR, Tonk VS, Chen Z, et al. Evidence for a Turner syndrome lo-
cus or loci at Xp11.2-p22.1. Am J Hum Genet 1998, 63: 1757-66.

44. Zinn AR. The X chromosome and the ovary. J Soc Gynecol Investig
2001, 8 (1 Suppl): S34-6.

45. Layman LC. Editorial: BMP15--the first true ovarian determinant
gene on the X-chromosome? J Clin Endocrinol Metab 2006, 91:
1673-6.

46. Dong J, Albertini DF, Nishimori K, Kumar TR, Lu N, Matzuk MM.
Growth differentiation factor-9 is required during early ovarian fol-
liculogenesis. Nature 1996, 383: 531-5.

47. Nicol L, Bishop SC, Pong-Wong R, et al. Homozygosity for a single
base-pair mutation in the oocyte-specific GDF9 gene results in
sterility in Thoka sheep. Reproduction 2009, 138: 921-33.

48. Silva BD, Castro EA, Souza CJ, et al. A new polymorphism in the
Growth and Differentiation Factor 9 (GDF9) gene is associated with
increased ovulation rate and prolificacy in homozygous sheep.
Anim Genet 2011, 42: 89-92.

49. Elvin JA, Clark AT, Wang P, Wolfman NM, Matzuk MM. Paracrine
actions of growth differentiation factor-9 in the mammalian ovary.
Mol Endocrinol 1999, 13: 1035-48.

50. Dixit H, Rao LK, Padmalatha V, et al. Mutational screening of the
coding region of growth differentiation factor 9 gene in Indian
women with ovarian failure. Menopause 2005, 12: 749-54.



Variants of TGF-β-like factors and POF

251

51. Kovanci E, Rohozinski J, Simpson JL, Heard MJ, Bishop CE, Carson
SA. Growth differentiating factor-9 mutations may be associated
with premature ovarian failure. Fertil Steril 2007, 87: 143-6.

52. Zhao H, Qin Y, Kovanci E, Simpson JL, Chen ZJ, Rajkovic A.
Analyses of GDF9 mutation in 100 Chinese women with prema-
ture ovarian failure. Fertil Steril 2007, 88: 1474-6.

53. Montgomery GW, Zhao ZZ, Marsh AJ, et al. A deletion mutation
in GDF9 in sisters with spontaneous DZ twins. Twin Res 2004, 7:
548-55.

54. Montgomery GW, Zhu G, Hottenga JJ, et al. HLA and genome
wide allele sharing in dizygotic twins. Am J Hum Genet 2006 79:
1052-8.

55. Palmer JS, Zhao ZZ, Hoekstra C, et al. Novel variants in growth dif-
ferentiation factor 9 in mothers of dizygotic twins. J Clin Endocrinol
Metab 2006, 91: 4713-6.

56. Teixeira Filho FL, Baracat EC, Lee TH, et al. Aberrant expression of
growth differentiation factor-9 in oocytes of women with polycys-
tic ovary syndrome. J Clin Endocrinol Metab 2002, 87: 1337-44.

57. Matzuk MM, Finegold MJ, Su JG, Hsueh AJ, Bradley A. Alpha-in-
hibin is a tumour-suppressor gene with gonadal specificity in mice.
Nature 1992, 360: 313-9.

58. Matzuk MM, Finegold MJ, Mather JP, Krummen L, Lu H, Bradley A.
Development of cancer cachexia-like syndrome and adrenal tu-
mors in inhibin-deficient mice. Proc Natl Acad Sci U S A 1994, 91:
8817-21.

59. Burton KA, Van Ee CC, Purcell K, Winship I, Shelling AN. Autosomal
translocation associated with premature ovarian failure. J Med
Genet 2000 37: E2.

60. Shelling AN, Burton KA, Chand AL, et al. Inhibin: a candidate gene
for premature ovarian failure. Hum Reprod 2000, 15: 2644-9.

61. Marozzi A, Porta C, Vegetti W, et al. Mutation analysis of the in-
hibin alpha gene in a cohort of Italian women affected by ovarian
failure. Hum Reprod 2002, 17: 1741-5.

62. Dixit H, Deendayal M, Singh L. Mutational analysis of the mature
peptide region of inhibin genes in Indian women with ovarian fail-
ure. Hum Reprod 2004, 19: 1760-4.

63. Prakash GJ, Ravi Kanth VV, Shelling AN, Rozati R, Sujatha M.
Mutational analysis of inhibin alpha gene revealed three novel vari-
ations in Indian women with premature ovarian failure. Fertil Steril
2010, 94: 90-8.

64. Corre T, Schuettler J, Bione S, et al; Italian Network for the study
of Ovarian Dysfunctions. A large-scale association study to assess
the impact of known variants of the human INHA gene on prema-
ture ovarian failure. Hum Reprod 2009, 24: 2023-8.

65. Sundblad V, Chiauzzi VA, Andreone L, Campo S, Charreau EH,
Dain L. Controversial role of inhibin alpha-subunit gene in the
aetiology of premature ovarian failure. Hum Reprod 2006, 21:
1154-60.

66. Jeong HJ, Cho SW, Kim HA, et al. G769A variation of inhibin alpha-
gene in korean women with premature ovarian failure. Yonsei Med
J 2004 45: 479-82.

67. Chand AL, Harrison CA, Shelling AN. Inhibin and premature ovar-
ian failure. Hum Reprod Update 2010, 16: 39-50.

68. Chand AL, Ooi GT, Harrison CA, Shelling AN, Robertson DM.
Functional analysis of the human inhibin alpha subunit variant
A257T and its potential role in premature ovarian failure. Hum
Reprod 2007, 22: 3241-8.

69. Harris SE, Chand AL, Winship IM, et al. INHA promoter polymor-
phisms are associated with premature ovarian failure. Mol Hum
Reprod 2005, 11: 779-84.

70. Woad KJ, Pearson SM, Harris SE, Gersak K, Shelling AN.
Investigating the association between inhibin alpha gene promot-
er polymorphisms and premature ovarian failure. Fertil Steril 2009,
91: 62-6.

71. Demirhan O, Türkmen S, Schwabe GC, et al. A homozygous BM-
PR1B mutation causes a new subtype of acromesomelic chon-
drodysplasia with genital anomalies. J Med Genet 2005, 42: 314-7.

72. Kornak U, Mundlos S. Genetic disorders of the skeleton: a devel-
opmental approach. Am J Hum Genet 2003, 73: 447-74.

73. Lehmann K, Seemann P, Stricker S, et al. Mutations in bone mor-
phogenetic protein receptor 1B cause brachydactyly type A2. Proc
Natl Acad Sci U S A 2003, 100: 12277-82.

74. Mulsant P, Lecerf F, Fabre S, et al. Mutation in bone morpho-
genetic protein receptor-IB is associated with increased ovulation
rate in Booroola Mérino ewes. Proc Natl Acad Sci USA 2001, 98:
5104-9.

75. Wilson T, Wu XY, Juengel JL, et al. Highly prolific Booroola sheep
have a mutation in the intracellular kinase domain of bone mor-
phogenetic protein IB receptor (ALK-6) that is expressed in both
oocytes and granulosa cells. Biol Reprod 2001, 64: 1225-35.

76. Yi SE, LaPolt PS, Yoon BS, Chen JY, Lu JK, Lyons KM. The type I
BMP receptor BmprIB is essential for female reproductive function.
Proc Natl Acad Sci U S A 2001, 98: 7994-9.

77. Toniolo D. X-linked premature ovarian failure: a complex disease.
Curr Opin Genet Dev 2006, 16: 293-300.

78. Persani L, Rossetti R, Cacciatore C. Genes involved in human pre-
mature ovarian failure. J Mol Endocrinol 2010, doi:10.1677/JME-
10-0070.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




